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Explosive and Propellant Composition 

5 This invention relates to explosive and propellant 

compositions based on mixtures of organic acids or 
derivatives and nitrate-containing oxidizers. 



10 



It has been known to practitioners in the art of 
explosives and munitions that compositions having explosive 
or propellant properties can be prepared from organic or 
inorganic nitrates. For instance, conventional gunpowder, 
also referred to as black powder, is typically composed of 
sulfur, potassium nitrate and charcoal. Other combustible 
15 compositions which are utilizable as ammunition, explosives 
or propellants also contain nitrates as the oxidizer portion 
of the composite blend. Usually, ammonium nitrate or alkali 
metal nitrates are employed as preferred oxidizers in many 
such applications. 



20 



A significant advance in this art is disclosed in U.S. 
Patent No. 4,497,676 (Kurtz). The patent describes the 
discovery that an aqueous slurry of an organic acid, such as 
ascorbic or erythorbic acid, and an inorganic nitrate, such 

25 as potassium nitrate, when heated to drive off the water, 
produces a composite material which is useful as an 
explosive and propellant. The material is comparable in 
performance to black powder ballistically, but is safer to 
handle and burns cleaner, giving off no sulfurous fumes and 

30 leaving no corrosive residue. 

U.S. Patent No. 4,728,376 (Kurtz) describes an 
improvement in such a composition, in which the mixture is 
heated at c rtain elevated temperatures during processing to 
35 produce a clearly identifiable reaction which results in a 
chemical and/or physical change in the organic acid portion, 
e.g., the ascorbic or erythorbic acid. 
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European Patent Publication No. 268996 describee 
explosive materials obtained by mixing a degradation product 
of ascorbic acid or erythorbic acid with a nitrate-con- 
taining oxidation agent. 

5 

The present invention is based on the discovery that 
mixtures of ascorbic acid and a nitrate-containing oxidation 
agent (or "oxidizer »), wherein the two ingredients have a 
certain maximum particle size, viz. a particle size of 10 
10 micron or less provide a novel composition which is useful, 
as a dry powder or in a compressed shape, in various 
explosive or propellant applications. 

The composite blend of this invention offers the 
15 advantages of simplicity and greater safety in its mode of 
preparation. Unlike certain previous explosive-propellant 
mixtures, the present composition is prepared without 
degrading the ascorbic acid. Mixing and blending of the 
ingredients at room temperature, without any degradation or 
20 pre-degradation step, produces a consumable material which 
upon ignition burns cleanly, emits no sulfurous fumes, 
leaves little or no carbon residue, and is non-corrosive to 
contacting metal surfaces. Further, the composition has 
less tendency to absorb moisture upon standing and can be 
25 stored for extended periods without the necessity for the 
extraordinary precautions a more hygroscopic material would 
require. 

Briefly, the invention in its various facets comprises 
30 an explosive and propellant composition, a method of making 
the composition, and a consumable cartridge which utilizes 
the composition as the propellant charge, now to be 
described in greater detail below. 
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Before use in preparing the composition of this 
invention, the ingredients are ground or otherwise reduced 
in size from the particle size of the powder or crystals 
sold commercially to the required particle size of 10 micron 
or less. Such particle sizes for the ascorbic acid and 
nitrate-containing oxidizer result in better ballistic 
performance. Comminution of the particles may be accomplish d 
by mechanical milling. Alternatively, the ingredients may 
be dissolved individually in an aqueous or organic liquid 
medium and precipitated from the medium in the form of more 
finely divided particles. 

In one procedure which is applicable to this invention, 
potassium nitrate crystals of greater than 10 microns in 
size are dissolved in water at temperatures of 60-65 °C, and 
the aqueous solution is poured quickly into vigorously 
stirred acetone cooled to 0-10°C, resulting in the 
precipitation of particles of potassium nitrate of 10 
microns or less, which are then filtered, washed and dried. 



The relative proportions of the ascorbic acid and 
nitrate-containing oxidation agent can vary widely in the 
composition, depending on specific applications and 
particular requirements for such applications. In general, 
25 the weight ratio of the ascorbic acid to nitrate-containing 
oxidation agent will vary between 10:90 and 50:50, and more 
usually between 20:80 and 45:55. 

For ballistic applications especially, it has been found 
that best results are achieved when the ascorbic acid and 
nitrate-containing oxidizer are utilized in amounts which 
are stoichiometrically balanced, or nearly so. For such 
applications, an especially suitably composition will 
comprise from about 30 to about 45 grams of ascorbic acid" 
and from about 70 to about 55 grams of potassium nitrate, 
for each 100 grams of the two ingredients combined. 



35 
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As the nitrate-containing oxidizer it is preferred to 
use an alkali or alkaline earth metal nitrate or ammonium 
nitrate. These nitrates can be employed individually or in 
various combinations. Potassium nitrate is most preferred. 
Other oxidizing agents such as potassium chlorate and 
ammonium and potassium perchlorate can also be utilized. 

Organic nitrates can also be used as the 
nitrate-containing oxidation agent. The term "organic 
nitrate- is intended to refer to any carbon-containing 
nitrate having a stoichiometric excess of oxygen and which 
is suitable for use in pyrotechnic, explosive or propellant 
formulations. Such materials include nitrocellulose, 
nitroglycerine and pentaerythritol nitrate, as well as other 
15 organic nitrate esters conventionally used as liquid 
plasticizers for explosive materials and rocket fuels. 

To obtain formulations which are compressible into 
self-sustaining shapes such as rods, cones, pellets, or the 

20 like, it is necessary to add a material which functions as a 
binder for the ascorbic acid and nitrate-containing 
oxidizer. Preferred for this purpose- is vegetable starch, 
especially corn starch, or ethyl cellulose. The binder 
material is added in an amount sufficient to impart a 

25 self-sustaining shape to the composition when compressed, 
usually 1 to 5 percent by weight. 

If desired, further additives can be included in the 
composition, for example, coloring agents, gelatinizing 

30 agents or stabilizers such as ureas, e.g., Akardit or 
Centralit®, substituted urethanes, phthalates, polymers, 
additives for illuminating compositions such as sodium, 
barium, strontium or copper salts, or additives for 
enhancing the explosive energy or improving other desirable 

35 properties, for example, boron or nitroguanidine. 
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The composition of the invention is prepared 
conveniently by forming an admixture of the ascorbic acid 
and nitrate-containing oxidizer in particulate form, alone 
or together with any additional ingredients to be included 
in the f ormulat i ™r\ The preparation can he carried out by 
blending the ingredients in thS~ dry state at room 
temperature for a sufficient length of time to form a 
homogeneous mixture. Alternatively, the ascorbic acid and 
nitrate-containing oxidizer can be dissolved or suspended in 
water, or an organic solvent, or mixture of both mixed 
thoroughly, then collected in a conventional manner by 
precipitation, filtration, evaporation, etc. 

These procedures will typically result in a free flowing 
powder. For certain applications, it may be desirable or 
necessary to granulate the powder. This can be done in a 
conventional manner, for instance, by compacting the powder 
into rods or tablets with a suitable binder material having 
been added, comminuting the compacted powder into particles, 
and fractioning to obtain the desired sizes. 

As mentioned, the composition of the invention is useful 
for a variety of explosive and propellant applications. To 
indicate just a few specif ic applications , the product can 
be utilized for the manufacture of artillery shells or rifle 
cartridges, for illuminating or signal munitions, for 
rockets, blasting devices and fireworks. 

The composition can, for instance, be employed as the 
powder charges in an antique firearm or as the explosive 
propellant in a consumable firearm cartridge comprising a 
priming means, a projectile means and a molded cartridge 
case containing the explosive composition. 

35 The following Examples illustrate preferred embodiments 

of the invention and methods of their preparation, without 
any intention to be limiting. 
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380 grams of ascorbic acid (USP grade) and 620 grams of 
crystalline potassium nitrate were milled in a ceramic ball 
mill at room temperature for 28 1/2 hours. A fine white 
powder was obtained. 

v«r, of the powder was evaluated for burning 

left little residue. 

A sample - " !T» t^o^ter 

• •„ = H«c^a<-cr and exposed to an open 
? " . . _ After 24 hours, the 16-gram sample 

had absorbed only u.^o y t ^ here 

15 * frnn , 4-*,. dessicator and exposed to the a -mo sphere, 

removed from the d-ss after 6 hours . 

the sample reverted oxts eg ^ hygroscopic; the 

attributable to surface moisture only. 
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^ryRWPIiE 2 

This Esauple illustratee the preparation ana us. of = a 
eompaetible esplosive-propellant co-aposrtron in .cord.nce 
with this invention. 

200.6 grams of ascorbic acid (ultra fine powder USP 
g rade). 327.4 grams of potassium nitrate (sievable through 
325 mesh. U.S. Standard Sieve), and 22 grams of corn 
30 starch (STA-RX 1500, A.H. Staley Company) were mixed well by 
shaking in a closed container for approximately 15 minutes. 
The resulting mixture was compressed into rods of about 3/4 
inches in diameter, having a weight of 5-10 grams each, 
using a Carver press and an applied pressure of ten tons. 
35 The rods were broken up into smaller chunks, then crushed 

into granules and sieved into fractions. Three fractions of 
approximately one hundred grams each were obtained, having 
the following mesh sizes: 
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(A) through 20 on 30 

(B) through 3 0 on 4 0 

5 (C) through 40 on 60 

The product exhibited good ballistic properties upon 
testing with 60-grain loads, with velocities of about 1200 
feet per second or higher and chamber pressures of greater 
10 than 4000 lead units of pressure (L.U.P.) being obtained, 

EXAMPLE 3 

This Example illustrates two different methods by which 
15 a composition in accordance with the invention was prepared 
to obtain end products with different physical properties, 

185 grams of ascorbic acid (ultra fine powder, USP 
grade), 310 grams of potassium nitrate (precipitated and 

20 sieved through 325 mesh screen, particle size approximately 
10 microns), and 5 grams of corn starch (STA-RX 1500 , A.H. 
Staley Co.) were mixed thoroughly for 30 minutes in a 
three-liter flask equipped with a Teflon paddle stirrer. 
The procedure was repeated to give a second batch of an 

25 identical amount of the material. The first batch was 

utilized in a dry compacting process and the second batch 
was utilized in a wet extrusion process, as follows: 



30 



Drv Compaction Process 



The mixed material prepared as described above was 
compressed into tablets using a one-inch die and an applied 
pressure of 20,000 pounds. The tablets were crushed and 
si ved into the three fractions shown in th Table in 
35 Example 2. 



WO 90/15788 



ti ■ i v 



- 8 - 



PCT/EP90/00887 



B . Hst T>7*™ri™y Process. 

204 milliliters of ethanol (90%) was added to- 500 grn. 

. , a _ flesc^-ibed above and the 

shown in the Table. 

The respective materials «« evaluated for^bul* 
v,,™ rat=. gas generation, and ballrstxc 
:r™r e ! «te. generation and ballistic 

performance were measured as follows: 

15 Bum *ate 

X two-foot aluminum rnler with a groove 1/8 

to burn two feet, using a stop watch. 
r; ? ff nene rafcion 

Pellets of test materia! were formed by concession in a 
25 Pellets mi „utes. The pellets 

Carver press , Bunsen burne r in a 100 .1. 

„are observed on the attached manometer 

Hoke bomb, ignxtion approximately 400 lbs. 

by the sudden surge of pressure t9 PP 

fhp bomb to room temperature uiiucj. 

30 ::::: *i£^vs- — s * a » at « ba th .* M .c. the 

7as volL »as measured using toluene-displacement. 



35 
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Ballistic Performance. 

All firings were done using a 32-inch rifled, .45 
caliber muzzle loading pressure test barrel on an indoor 
5 range at ambient conditions. Projectibles were Hornady 
#6060 round balls 0.451 inch diameter, weighing 138.0 
grains. Connecticut Bally Arms #11 percussion caps were 
used. Balls were seated with lubricated cotton patches. 

10 
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CLAIMS: 

1. An explosive and propellant composition which 
comprises an admixture of ascorbic acid having a particle 
size of about 10 microns or less, and a nitrate-containing 
oxidation agent, having a particle size of about 10 microns 
or less. 

2. A composition according to claim 1, in which the 
weight ratio of ascorbic acid to nitrate-containing 
oxidation agent is between 10:90 and 50:50. 

3. A composition according to claim 1 or 2. in which the 
weight ratio of ascorbic acid to nitrate-containing 
oxidation agent is between 20:80 and 45:55. 

4. A composition according to claim 1, 2 or 3 . in which 
the nitrate-containing oxidation agent is an inorganic 
nitrate. 

5. A composition according to any one of claims 1-4, in 
which the inorganic nitrate-containing oxidation agent is an 
alkali or alkaline earth metal nitrate. 

6. A composition according to claim 5. in which the 
alkali metal nitrate oxidation agent is potassium nitrate. 

7. A composition according to any one of claims 1-6, 
which further comprises an additive selected from the group 
consisting of binder mater ials , color ing agents, 
gelatinizing agent6, illuminating agents, and explosive 
enhancing agents. 

8. A composition according to claim 7, wh rein said 
binder material is present in an amount sufficient to nable 
the composition to sustain its shape when compressed. 
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9. a composition according to claim 8. in which the 
binder material is starch. 

10. A method of making an explosive and propellant 
composition of ascorbic acid having a particle size of about 
10 microns or less and a nitrate-containing oxidation agent 
having a particle size of about 10 microns or less, 
comprising forming a homogeneous admixture of the two 
ingredients in particulate form. 

11. A method according to claim 10. in which the 
ascorbic acid and nitrate-containing oxidation agent are 
employed in a weight ratio between 10:90 and 50:50. 

12. A method according to claim 10 or 11. in which the 
ascorbic acid and nitrate-containing oxidation agent are 
employed in a weight ratio between 20:80 and 45:55. 

13. A method according to claim 10. in which the 
nitrate-containing oxidation agent is an inorganic nitrate. 

14. A method according to claim 10. in which the 
inorganic nitrate-containing oxidation agent is an alkali or 
alkaline earth metal nitrate. 

15. A method according to claim 14. in which the alkali 
metal nitrate oxidation agent is potassium nitrate. 

16. A method according to claim 10. which further 
comprises an additive selected from the group consisting of 
binder material, coloring agents, gelatinizing agents, 
illuminating agents, and explosive enhancing agents. 

17. A method according to claim 16. wherein said binder 
material is present in an amount sufficient to enabl the 
composition to sustain its shap when compressed. 



